INTRODUCTION
One critical problem in the production of synthetic natural gas (SNG) from coal is the development of non-corrosive alloys for gasifier internal components. Since these components must operate in high pressure (1000-1500 psig) and high temperature (700-1000°C) environments, the materials selected must have good resistance to corrosion as well as erosion from solid particle impingement. The environment in a gasifier consists of a reactive gas mixture containing hydrogen, water, carbon dioxide, carbon monoxide, methane, and hydrogen sulfide (see Table 1 ).' As a result, formation of oxide and sulfide scales on the surfaces of the gasifier internals can be anticipated. Since the operating temperatures are high, some of the sulfide scales, particularly those containing high concentrations of nickel, may be liquid. This will presumably hamper the adherence of any protective oxide scale. The major solid reactant in the gasification process is coal char, so gasifier materials should be capable of withstanding high temperature erosion.
Prediction of the corrosion scales formed under specified coal gasification environments is a necessary initial stage in the design of effective corrosion tests. The thermodynamic stability diagram is a graphical model which has been used by several investigators for (1 2) such predictions."
The diagram depicts, for a given temperature, the phases formed as a function of gas phase partial pressures. For a coal gasifier the major active corroding species are oxygen and sulfur. The ordinate of the stability diagram is the log of the -2-sulfur partial pressure and the abcissa is the log of the oxygen partial pressure.
In this work, the stability diagrams for the Fe-Cr-Al ternary will be presented. This alloy system is of interest because it offers a promising combination of corrosion resistance and high temperature strength.
The calculated diagrams for the various systems at 871°C (1600°F) and 982°C (1800°F) will be presented. These temperatures represent the mea~ and maximum expected operating temperatures for commercial gasifiers. The diagrams predictive value for conditions prevalent in typical coal-gasification systems will be discussed. Experimental results will be presented, and the observed product phases compared with those predicted by the diagrams.
STABILITY DIAGRAMS FOR THE Fe-Cr-Al SYSTEM
The thermodynamic stability diagram is a plot of the thermodynamically stable phases as a function of gas composition. Table 2 ).
• (1) The effect of metal activity on the structure of the diagram is indicated in Figure 4 wherein the Fe-Cr-Al system is presented at 982°C for an iron activity of 0.1. Note that the overall effect is to stabilize the alloy with respect to oxidation and sulfidation. It is a small effect, and as yet has not been correlated with experiment.
(1)
PREDICTED PRODUCT PHASES
Typical coal gasifier gas compositions are presented in Table 1 .
There are large amounts of CO, CO 2 , H 2 0, and H 2 S. (9) Thermodynamically these imply a range of P 's and P s 's. At 982°C, the Po ranges °2 2 2 from 10-14 to 10-16 atmosphere and the P f 10-4 10-8 h S rom to atmosp ere.
At 871°C, the range for the Po All the specimens, approximately 1 cm x 1 cm x 0.1 cm, were ground to 600 grit with silicon carbide paper and cleaned with alcohol and acetone. Holes were drilled in the specimens and they were suspended from the holder using Kanthal wires. The powders were prepared by mixing and griding high purity powders. Then a few grams of the powder mixtures were placed in high purity alumina crucibles and were suspended at the bottom of the specimen tree. The specimen tree was put into the furnace and the system flushed with argon for 30 minutes before changing over to the corrosive gas.
A pre-mixed H 2 S/H 2 gas containing 2% H 2 S was used to insure a constant P s in the gas mixture. was 5xlO atmosphere at the lower temperature.
-8-At the end of 48 hours, the reactive gas flow was discontinued, the system was flushed with argon for 30 minutes and the specimen holder was removed within one minute. The reacted specimens and powder mixtures were then examined by X-ray diffraction techniques to identify the reaction products.
RESULTS
The reacted powder mixtures showed the presence of spinels at both temperatures. At 98ZoC, the chromia and alumina spinels were detected in large amounts while at 871°C, only the chromia spinel was detected in large amounts although both were present. No quantitative estimation was performed to determine the percent conversion. Such thermodynamic techniques will be useful in predicting alloy behavior in aggressive environments. Fe -lOAl (2) Fe -lOAl -5Cr
Fe -IOAl -IOCr -.,.....-- 
